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This  r e p o r t  summarizes t h e  development, t e s t i n g  and recomnended 
m o d i f i c a t i o n  of a Pro to type  Space Flight Experiment Package designed to 
conduct  a s t u d y  of t h e  c i r c a d i a n  p e r i o d i c i t y  of body t empera tu re  i n  t h e  
pocket  mouse, Perognathus longimembris. The p r o t o t y p e  has su rv ived  all 
environmental  t e s t i n g  inCl_uc!fcg vibratioii,  a c c e l e r a i i o n ,  humidi ty ,  t h e m 1  
and vacuum stresses. 
telemetersi sur?~.ived =?I p a r t s  of the  environmental  t e s t i n g  program 
Experimental  an ima l s ,  w i t h  and wi thou t  implanted 
t i v e s .  
T@ was no evidence  of t h e  package con- 
A f t e r  t h i r t y  days of cont inuous  
periodicity i n  the mice. 
ted c o n c u r r e n t l y  w i t h  t h i s  Sunnaary document i n  
e r e p o r t s  are: 
(3) "Test Swmar;pt' (NSL 66-88),  which documents t h e  eng inee r ing  
l i b r a t i o n  and ronmental t e s t i n g  p l a n  and r e s u l t s .  
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i SECTION 1.0 
TnIrnn n n v  rmm r nrt 
A l ~ L R U U U b A I U l I  
1.1 E3?CI??EEP,I?!G C)BJECTI'.'E 
The objectives of this effort were the design, development and 
environmental testing of a prototype experiment package for the execution 
of an experiment entit "Perognathus Circadian Rhythms during Prolonged 
Orbital Flight" as de€ined by Dr. Colin S .  Pittendrigh of Princeton 
University and Dr. Robert G. Litidberg of Northrop S-pace Laboratories. 
These objectives have been accoqlished. A swniary of the experimental 
goals and support requir'ements presented below provides perspective for 
evaluating the fulfillment of contract objectives. 
1.2 OF THE SPACE EXPERIMENT 
1.2.1 Background 
' The first formal record of biological rhythms was probably by 
the astronbmer Be Mairan, who in 1729 described diurnally periodic leaf 
movements in plants held in the dark. The l_iterat_ilre is ~ ! y  r n n l o t n  --r---- ~ t k  ---- 
evidence of diurnal periodicity in many forms of life at many levels of 
ay research emphasizes, on m e  hand, 
ical clock", and on the other, the co 
clock to environmental stimuli. Whether control of the period of the 
clock is predominantly a physiological or environmental phenomenon is 
debatable on the basis of existing data. The study of biorhythms in 
space theoretically would permit resolution of the question as to whether 
terrestrial stimuli indeed set the period or simply change its phase. 
The principal evidences €or external stimuli setting the period of 
the circadian rhythm are: 
the rhythm in organisms kept in constant environments apparently free of 
stimuli that are capable of entraining a self-sustaining oscillation, 
1) the remarkable persistence and precision of 
1 
and 2) t h e  remarkable  i n s e n s i t i v i t y  of t he  f r e e  running p e r i o d  t o  t h e  
l e v e l  of  tempera ture  ( tempera ture  compensat ion) .  I f  t h e  control of t h e  
p e r i o d  were t r u l y  endogenous ( n c r a b o l i c ) ,  changes i n  tempera ture ,  i t  has  
been argued ,  should have produced pronounced changes i n  p e r i o d  i n  p o i k i l o -  
thermic  organisms.  
component i n  t h e  c i r c a d i a n  per iod r e s u l t i n g  from en t ra inmen t  t o  some 
"pe rvas ive  geophys ica l  f a c t o r "  has  been p o s t u l a t e d .  
On t h e  b a s i s  o f  t h e s e  obse rva t ions .  a precise 24-heiir 
1 : 2 i 2 ?r,--,ise 
The proposed experiment w i l l  test t h e  premise th2.t this pervasive 
g e o p h y s i c a i f a c t o r  does e n t r a i n  the c i r c a d i a n  p e r i o d i c i t y  of organisms,  and 
that as a consequence, c i r c a d i a n  sys tems removed from terrestrial  s t i m u l i  
w i l l  degrade .  
c i r c a d i a n  p e r i o d  in a mamnal. . S p e c i f i c a l l y ,  the ques t ion  C.Q be asked is: 
whether  t h e  c i r c a d i a n  rhythm of body t empera tu re  changes when a l l  geophys ica l  
v a r i a b l e s  are e i t h e r  renroved or sensed  by t h e  an imals  w i t h  a period o t h e r  
t h a n  24 hours.  
The experiment s t u d i e s  t h e  p e r s i s t e n c e  and p r e c i s i o n  of t h e  
The o n l y  impress ive  ev idence  of c o n t r o l  of c i r c a d i a n  o r g a n i -  
n unknown p e r f o d i c  v a r i a b l e  w i l l  come from t h e  o b s e r v a t i o n  of an 
ee running, sei€-sustaining o s c i l l a t i o n  ( c i r c a d i a n  p e r i o d )  
hours, after the  animi  has been e n t r a i n e d  t o  p e r i o d s  not 
hours .  S t a t i s t i c a l  c o n s t r a i n t s  i n  de te rmining  s i g n i f i c a n t  
ircsdian p e r i o d s  and t h e  p re sence  of p r e c i s e  24-hour components 
ir. the &Lii pQint t o  the d e s i r a b i l i t y  of a n  experiment  l a s t i n g  f o r  a s  long 
as p o s s i b l e  (2-3 week minimum). T h i s ,  coupled w i t h  t h e  need t o  p l a c e  t h e  
y r e s i d u a l  c o u p l i n g  to t h e  e a r t h ' s  c y c l e s ,  p o i n t s  tu 
t h e  d e s i r a b i l i t y  of a s p a c e c r a f t  p l aced  i n  s o l a r  and /o r  l u n a r  o r b i t  as w e l l  
a s  e a r t h  o r b i t .  
decays  i n  d i s t a n t  s o l a r  o r b i t s ,  we  would have d i r e c t  ev idence ,  a v a i l a b l e  
from no other combinat ion of exper iments ,  t h a t  geophys ica l  p e r i o d i c i t i e s  
If a c i r c a d i a n  p e r i o d i c i t y  p e r s i s t s  i n  e a r t h  o r b i t  b u t  
a r e  e s s e n t i a l  i n p u t s  fo r  maintenance of c i r c a d i a n  o r g a n i z a t i o n .  
1.2.3 Experiment 
Six pocket  mice w i l l  be  f lown i n  c o n d i t i o n s  of c o n s t a n t  darkness  
and t empera tu re  (21OC) f o r  a minimum of 14 t o  2 1  days,  a f t e r  having been 
e n t r a i n e d  t o  a pe r iod  of 22.5 hours i n  t h e  l a b o r a t o r y .  
t u r e  w i l l  b e  monitored a t  5-minute i n t e r v a l s  con t inuous ly  f o r  t h e  d u r a t i o n  
of t h e  experiment .  
T h e i r  body tempera- 
D i g i t a l  ?at2 will be  c o l l e c t e d  and s t o r e d ,  b r o a d c a s t  t o  earth on 
connnand, r e c o l l e c t e d  on magnetic t a p e ,  and t h e  t a p e ,  a f t e r  some degree  of 
man ipu la t ion ,  will be  processed  by  an e x i s t i n g  computer program f o r  
d a t a  r educ t ion .  
The r e s u l t i n g  l e n g t h  and p r e c i s i o n  of  t h e  c i r c a d i a n  period nf ezch 
animai w i l l  be compared wi th  the  p e r i o d  of t h a t  same animal  e s t a b l i s h e d  
p r i o r  t o  space  f l i g h t .  The da ta  w i l l  b e  examined € o r  ev idence  of  e n t r a i n -  
ment to a p r e c i s e  24-hour pe r iod -  
experiment ,  a f requency  s p e c t r a l  a n a l y s i s  of  t h e  d a t a  may be f e a s i b l e .  
Deper.ding i ipm t h e  a u r a t i o n  of  t h e  
It is proposed that  two ground l !control"  groups be run c o n c u r r e n t l y  
w i t h  the f l i g h t  experiment .  
second group in a n  animal holding f a c i l i t y .  
One group would be  i n  f l i g h t  hardware,  and t h e  
Housekeeping d a t a  ( a d i e n t  terqeratutie, a t m s p h e r i c  p r e s s u r e  and 
p a r t i a l  p r e s s u r e  of oxygen) w i l l  be  r e q u i r e d  t o  document t h e  s t a b i l i t y  
of t h e  environment which t h e  experiment r e q u i r e s .  
1.3 DESIGN PHILOSOPHY 
Tt is u n l i k e l y  that  convincing d a t a  p e r t a i n i n g  t o  t h e  b i o l o g i c a l  
consequences of s p a c e  f l i g h t  c a n  be o b t a i n e d  t h r w g h  ofie experiment  under-  
t a k e n  on a single s p a c e  miss ion .  Th i s  is p a r t i c u l a r l y  t r u e  i n  t h e  s t u d y  
of  c i r c a d i a n  p e r i o d i c i t y  i n  which t h e  b i o l o g i c a l  r e sponse  t o  bo th  e a r t h  
o r b i t a l  and deep s p a c e  missiezs s h ~ u ? d  be s t u d i e d .  
f l i g h t s  w i t h  wide ly  d i f f e r i n g  mis s ion  p r o f i l e s  sugges t ed  t h a t  a r e l a t i v e l y  
'The need f o r  m u l t i p l e  
con&a;inedl! experiment  package w i t h  a minimum number of s p a c e c r a f t  
eces s h f c f b e  developed. 
~ 
Such a package would p e n n i t  execu t ion  of 
t h e  experiment  on a broad spectrum of a v a i l a b l e  s p a c e  v e h i c l e s .  
A modular approach was undertaken,  t h e  main e lements  of  which are  t h e  
an imal  housing module, t h e  environmental  c o n t r o l  sys tem module, and t h e  d a t a  
h a n d l i n g  and s t o r a g e  module. 
c o n t a i n e d "  concept  b u t  a l s o  r e p r e s e n t s  a package i n  which i n d i v i d u a l  
modules can  be  e i t h e r  modif ied o r  removed t o  t a k e  advantage  of e x i s t i n g  
s u p p o r t  systems i n  any g iven  vehic le .  
Th i s  c o n f i g u r a t i o n  approaches t h e  % e l f -  
3 
It  w a s  f u r t h e r  dec ided .  in  t h e  i n t e r e s t s  of  economy and s c h e d u l i n g ,  
t o  u t i l i z e  as  f a r  a s  p o s s i b l e  " s t a t e - o f - t h e - a r t 1 !  knowledge and " o f f - t h e -  
she1 f" ,  f l i g h t  q u a l i f i e d  csnponents  i n  t h e  des ign  of t h e  experiment  package. 
Th i s  ph i losophy,  coupled  w i t h  t h e  need f o r  precise envi ronmenta l  c o n t r o l  
i n  a "we igh t l e s s "  environment ,  w a s  t h e  pr imary  f a c t o r  i n  d e c i d i n g  t o  des ign  
t h e  atmosphere c o n t r o l  around an  oxygen /n i t rogen ,  two g a s ,  one atmosphere 
p r e s s u r e  system supplemented by che imcal  a b s o r b a n t s .  A supe rox ide  supp ly  
and c o n t r o l  s y s t e m  was s e r i m s l y  ccx idcred  bz t  dlscdrded  s i n c e  i t  w a s  
unproven i n  te rms  of p r e c i s e  c o n t r o l  and o f f e r e d  very  l i t t l e  advantage  
i n  weight a d  pc?ver. 
A f u r t h e r  d e s i g n  requirement  imposed by t h e  i n h e r e n t  p r o p e r t i e s  of 
c i r c a d i a n  p e r i o d i c i t y  was t h e  need f o r  con t inuous  d a t a  c o l l e c t i o n  f o r  a 
p e r i o d  o f  two t o  f o u r  weeks. 
t h e r e f o r e  s i z e d  t o  a nominal 30-day mission. 
The l i f e  o f  t h e  experiment package was 
The r e s u l t i n g  p r o t o t y p e  experiment package m e e t s  t h e  experiment  
r equ i r emen t s  and has  s u r v i v e d  a l l  envi ronmenta l  t e s t i n g  i n c l u d i n g  v i b r a t i o n ,  
a c c e l e r a t i o n ,  humidi ty ,  thermal and vacuum stresses. Exper imenta l  an ima l s  
w i t h  implanted  telemeters aurv ived  t h o s e  p a r t s  of t h e  envi ronmenta l  t e s t i n g  
program p e r t i n e n t  t o  t h e  experiment  o b j e c t i v e s .  
o p e r a t i o n  i n  s i m u l a t e d  space ,  t h e r e  was no ev idence  of t h e  package c o n f i g u r a -  
t i o n  a f f e c t i n g  c i r c a d i a n  p e r i o d i c i t y .  
A f t e r  30 days  o f  con t inuous  
1.4 EXPERIMENT PACKAGE CONCEPT 
1 & , 2  Exper imenta l  Animal 
Metabo l i c  s t u d i e s  have shown t h a t  t h e  L i t t l e  Pocket Mouse, 
Perognathus  longimembris, has  an u n u s u a l l y  l a r g e  f l u c t u a t i o n  i n  i t s  d a i l y  
c y c l e  of body t empera tu re ,  t h e  c i r c a d i a n  p e r i o d  of which p e r s i s t s  a t  bo th  
modera te  and low envi ronmenta l  t empera tu res  (24OC, 10°C), a t  h i g h  and low 
h u m i d i t i e s ,  i n  c o n s t a n t  da rk  o r  n o m 1  pho tope r iod ,  w i t h  and wi thou t  food ,  
and i n  normal 02/N2 and 100% 02 atmospheres .  Pocket  m i c e  a r e  c e r t a i n l y  
n o t  un ique  i n  t h e i r  c i r c a d i a n  p e r i o d i c i t y ,  b u t  t hey  a r e  a lmost  un ique ly  
s u i t e d  f o r  s t u d i e s  i n  space .  1. lonnimembris weighs 8-10 grams and, 
most s i g n i f i c a n t l y ,  has no requirement  f o r  d r i n k i n g  wa te r .  Ur ine  p roduc t ion  
i s  ext remely  low (0.05 m1/24 h r s ) ,  and t h e  f e c e s  a r e  d r y  and 
4 
I 
o d o r l e s s  (0.91 gm/24 h r s ) .  It s u t s l s t s  e n t i r e l y  on a i r - d r i e d  seeds  which  
i t  t a k e s  as  needed (- 1 gm/24 h r s ) .  The problems of f eed ing ,  wa te r ing  
and waste  removal normally p re sen t  f o r  m a m m a l s  i n  w e i g h t l e s s n e s s  a r e  
t h e r e f o r e  e i t h e r  comple te ly  e l imina ted  o r  e a s i l y  so lved .  
While t h e  p r o t o t y p e  package developed under  t h i s  c o n t r a c t  is  s p e c i f i -  
I 
c a l l y  s i z e d  f o r  E. longimembris,  t h e r e  a r e  o t h e r  s p e c i e s  of pocket  m i c e  
w i t h  s i m i l a r  l i f e  suppor t  requirements  b u t  w i t h  more complex p a t t e r n s  of 
c i r c a d i a n  p e r i o d i c i t y .  Complete l a b o r a t o r y  s t u d i e s  may show that E- fo-sus 
i s  a p r e f e r r e d  s u b j e c t  t o p .  longimembris. I n  t h i s  e v e n t u a l i t y ,  t h e  
Pretetype Experiment Package can be eas i ly  s c a l e d  to accswimdate the 
s l i g h t l y  l a r g e r  s p e c i e s .  
1.4.2 Body Temperature Monitor ing 
A thermal  sensitive telemeter implanted  in t h e  animal t r a n s m i t s  
body t empera tu re  t o  w i t h i n  0.05OC. These telemeters, developed a t  NSL, 
have  been s u c c e s s f u l l y  used a t  NSL and P r i n c e t o n  U n i v e r s i t y  w i t h  pocket  
mice t o  g e n e r a t e  d a t a  of t h e  t y p e  and q u a l i t y  r e q u i r e d  f o r  t h e  o r b i t a l  
experiment .  They do not encumber t h e  an imals  w i t h  w i r e s ,  ha rnesses ,  o r  
restricted mOverPent, and t h e y  lend themselves  t o  s t e r i l e  s u r g i c a l  implant  
techntqrles. 
s e n s i n g  t r a n s m i t t e r  is as fo l lows :  t empera tu re  r e s o l u t i o n ,  0.05OC t o  
0.1OC; l i f e  expec tancy ,  250 days ( a t  room t empera tu re ) ;  pr imary powered 
source ,  mercury ceii; carrier c e n t e r  f requency ,  4.5 Mc; r a d i a t i o n  p a t t e r n ,  
f i g u r e  I r 8 t t ,  normal t o ,  and omnid i r ec t iona l  i n  p l a n e  of, t r a n s m i t t e r  induc-  
100/aec to 500/sec; peak power i n p u t ,  15 m; volume, 
Laboratory t e s t e d  system p e r f o r n s n e e  of a t y p i c a l  t empera tu re  
( ready  t o  imp lan t ) ;  weight ,  0.75 g ;  and e n c a p s u l a t i o n  m a t e r i a l ,  
p a r a f f i n .  
1.4.3 Experiment Package Concept I 
Each mouse w i l l  be  i n d i v i d u a l l y  housed i n  a t h in -wa l l ed  f i b e r g l a s s  
c y l i n d e r  12 t o  18 i n .  long and 1.5 i n .  i n  d i ame te r ,  c o n t a i n i n g  30 g of 
l o o s e  sunf lower  s e e d s  (30-day supply) .  An oxygen-ni t rogen atmosphere a t  
14.7 p s i  w i l l  f low through t h e  tube  a t  a r a t e  of  - 0.03 f t  / min, a t  a 
c o n s t a n t  t empera tu re  (- 24OC) and c o n s t a n t  r e l a t i v e  humidi ty  (- 50%). 
A t  t h e  exhaus t  end of t h e  tube ,  c o a r s e  s c r e e n i n g  w i l l  p r even t  t h e  seeds  
3 
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f r o m  being blown from t h e  t u b e  under zero-g c o n d i t i o n s ,  bu t  w i l l  pe rmi t  
t h e  escape o f  feces and seed p a r t i c l e s  i n t o  a d e b r i s  t r a p .  The t u b e  w i l l  
be l i n e d  w i t h  abso rben t  s i n t e r e d  p o l y e t h y l e n e .  The l i n i n g  s e r v e s  t o :  
1) absorb  u r i n e ,  2)  groom, and 3 )  p r o v i d e  a f o o t h o l d  f o r  t h e  m i c e .  
Ambient t empera tu re  w i l l  b e  monitored by a thermistor in the exhzust 
a i r  of each tube .  
t e l e m e t e r  and loop an tennae  imbedded i n  t h e  o u t e r  f i b e r g l a s s  t ube .  The 
a..L.=:II~La~ LCQUJ Will reed i n t o  a d a t a  hand l ing  and s t o r a g e  module and, 
on demand, i n t o  t h e  s a t e l l i t e  t e l e m e t r y  system. A " se l f - con ta ined l l  
package for a j i b d a y  miss ion ,  i n c o r p o r a t i n g  d a t a  hand l ing  and s t o r a g e  
and a n  envi ronmenta l  c o n t r o l  system was e s t i m a t e d  t o  weigh about 60 l b s ,  
occupy l e s s  t han  3 ft3 of  space ,  and u t i l i z e  12-25 w of power. 
ment package d e s i g n  concep t  is a d a p t a b l e  to e a r t h ,  lunar ,  or h e l i o c e n t r i c  
o r b i t s  provided  t h a t  a telemetry l i n k  i s  a v a i l a b l e ,  n e g a t i n g  t h e  requi rement  
to  r ecove r  t h e  experiment  package. 
Body tempera ture  w i l l  b e  moni tored  by an  implanted  
- - C  la->- 
The e x p e r i -  
SECTION 2.0 
PROTOTYPE EXPERIMENT PACKAGE DESCRIPTION* 
2.1 C G m I G U a T I O I i  
The g e n e r a l  arrangement  of  the experiment  package and i d e n t i f i c a t i o n  
of i t s  v a r i o u s  e lements  a r e  shown i n  F i g u r e s  1 and 2.  The b a s i c  s t r u c t u r e  
i s  composed of two th in -wa l l ed  aluminum c y l i n d r i c a l  t a n k s ,  one of which 
houses  t h e  Environmental  Con t ro l  System (ECS), and one of which c o n t a i n s  
t h e  m i c e  and a s s o c i a t e d  in s t rumen ta t ion .  These two t a n k s  a r e  mounted on a 
welded t u b u l a r  s teel  base  frame. 
t o g e t h e r  a t  t h e  t o p  by t h e  oxygen t ank  s u p p o r t .  
a r i g i d  s t r u c t u r e  which can  be mounted i n  v a r i o u s  s p a c e  v e h i c l e s .  
p r e s e n t  c o n f i g u r a t i o n ,  however, was s p e c i f i c a l l y  des igned  f o r  placement in 
t h e  forward a u x i l i a r y  equipment rack of a n  Agena s p a c e c r a f t .  
The ECS and t h e  Animal Housing a re  t i e d  
The whole assembly forms 
The 
The e x t e r n a l  s t r u c t u r e  of t h e  ECS and t h e  Animal Housing provides  t h e  
n e c e s s a r y  area t o  mount a c t i v e  thermal  c o n t r o l  components, d a t a  e l e c t r o n i c s ,  
oxygen supp ly  system, and e l e c t r i c a l  hardware.  The e n t i r e  experiment 
package,  excep t  f o r  t h e  space  r a d i a t o r ,  is i n s u l a t e d  from i t s  e x t e r n a l  
environment  by m u l t i p l e  l a y e r s  of a luminized  mylar .  
The complete  package is  " se l f - con ta ined"  and r e q u i r e s  o n l y  connec t ion  
t o  a 28 VDC r e g u l a t e d  power supply,  a space  r a d i a t o r ,  and t e l e m e t r y  l i n k  
t o  e a r t h  t o  become o p e r a t i o n a l .  
2.2  ANIMAL HOUSING 
The housing u n i t  (F igu res  3, 4, and 5) i s  composed of seven  t u b e s ;  
s i x  of  t h e  tubes  a r e  used a s  housing u n i t s  f o r  t h e  m i c e ,  w h i l e  t h e  seven th  
( c e n t e r  t u b e )  i s  used  t o  hold  t h e  r e c e i v e r  assembly. Each mouse i s  housed 
i n d i v i d u a l l y ,  a long  w i t h  30 grams of sunf lower  s e e d s ,  i n  a porous poly-  
e t h y l e n e  c y l i n d e r  15" long and 1$If i n  d i ame te r .  
ECS f lows through t h e  mouse tubes .  A t  t h e  o u t l e t  ends of t h e  t u b e s ,  
p e r f o r a t e d  l u c i t e  cove r s  prevent  the  seeds  from be ing  blown from t h e  t u b e  
The ambient a i r  from t h e  












under zero-g c o n d i t i o n s ,  b u t  permit t h e  e s c a p e  of Leces and seed p a r t i c l e s  
i n t o  t h e  d e b r i s  t r a p s .  Each mouse t u b e  i s  surrounded by an tennae  and 
RF s h i e l d e d  from a d j a c e n t  t u b e s .  
2 .3  ENVIRONMENTAL CONTROL SYSTEM 
The Environmental  Cont ro l  System (ECS) m i n t a i n s  t h e  tempera ture  of 
t h e  experiment psckage a t  75 - t Z"E w i t h  a r e l a t i v e  humidi ty  of 40 t o  50 
p e r c e n t ,  and a l s o  m a i n t a i n s  t h e  tempera ture  of t h e  e l e c t r i c a l  and e l e c t r o n i c  
equipment a t  90 2 35OF. S i n c e  t h e  package i s  i n s u l a t e d  frm i t s  s n i e r n a i  
environment,  t h e  h e a t  load  i s  p r i m a r i l y  made up of l a t e n t  h e a t ,  m e t a b o l i c  
h e a t  (mice) ,  h e a t  from t h e  e l e c t r o n i c  zqiiipmenc, h e a t  o f  csmpress ion  ( f a n ) ,  
and h e a t  of a b s o r p t i o n  (GO ) i n  t h e  l i t h i u m  hydroxide c a n i s t e r .  
load i s  dissipated th rough a n  e x t e r n a l  s p a c e  r a d i a t o r  which cools  t h e  f l u i d  
i n  t h e  h e a t  exchanger  of  t h e  ECS. 
The h e a t  
2 
2,3.1 Gas Management 
The Experiment Package i s  des igned  t o  p r o v i d e  a l i f e  s u p p o r t i n g  
atmosphere f o r  s i x  m i c e  and m a i n t a i n  a tmospher ic  and e l e c t r o n i c  equipment 
t e m p e r a t u r e s  w i t h i n  t h e  r e q u i r e d  l i m i t s  f o r  a p e r i o d  of 30 days.  
temperatures and a p p r o p r i a t e  "housekeeping" d a t a  a r e  monitored a t  f i v e  
minute  i n t e r v a l s  c o n t i n u o u s l y  € o r  the  d u r a t i o n  of the experiment  ( F i g u r e s  3 ,  
6, 7,  and 8). 
Animal 
F i g u r e  3 is a schematic of the l i f e  s u p p o r t  system and should  b e  u s ~ d  
i n  c ~ n j ~ n z t i a r ~  w i t h  che t o l l o w i n g  d i s c u s s i o n .  
by a small h i g h  speed €an  l o c a t e d  i n  t h e  ECS. F o r  t h i s  d i s c u s s i o n ,  t h e  
s t a r t i n g  p o i n t  w i l l  be a t  t h e  i n l e t  plenum ( F i g u r e  3 ) ;  t h e  a i r  a t  t h i s  
p o i n t  i s  main ta ined  a t  a tempera ture  of 7 5  2 2OF, atmospheric  p r e s s u r e  o f  
14.7 - t - 2 5  p s i ,  and a i r  flow of 2.65 SCFM. 
t o  t h e  m u s e  t u b e s  c o n t a i n s  six openings f o r  passage  of a i r  th rough t h e  
t u b e s  and seven  openings which bypass t h e  a i r  f low.  The r a t e  o f  f low 
through each mouse t u b e  i s  c o n t r o l l e d  a t  .05 SCFM, w i t h  t h e  major  p o r t i o n  
of t h e  a i r  f lowing through t h e  bypass o r i f i c e s .  
t e m p e r a t u r e  t o  80OF a t  t h e  o u t l e t  of t h e  d e b r i s  t r a p  i s  c r e a t e d  by animal 
body h e a t  and h e a t  d i s s i p a t e d  by t h e  e l e c t r o n i c s  l o c a t e d  i n  t h e  c e n t e r  
bypass  t u b e .  A high  speed f a n  f o r c e s  t h e  a i r  through t h e  gas  a b s o r p t i o n  
c a n i s t e r .  Due t o  compression,  t h e  a i r  t empera ture  r ises to14O0F a t  t h e  
The a i r  mass f l o w  i s  g e n e r a t e d  
The o r i f i c e  p l a t e  a t  t h e  i n l e t  
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tar; o u t l e t .  The a i r  i s  p u r i f i e d  by t h e  gas  a b s o r p t i o n  c a n i s t e r ,  which 
t c~mo~~’es t h e  carbon d i o x i d e  (L:),)). ammonia ( X H ,  ) and animal o r l n r s .  - + 
F m m  t h e  g a s  ; i l ; sorp t ion  c a n i s t e r ,  t h e  a i r s t  ream p a s s e s  through t h e  
iieat Exchanger,  which reduces t h e  a i r  t e m p e r a t u r e  f rom 145OF t o  50°F . 
‘ i ’he water  \lapor c o n t e n t  of  t h e  a i r  i s  c o n t r o l l e d  by c o o l i n g  t h e  a i r  t o  t h e  
d e s i r e d  dew p o i n t  tempera ture .  The e x c e s s  m o i s t o r e  i s  condenscd a n d  
c o l l e c t e d  on t h e  w i c k  o f  tlle m o i . ; t u r t l  s e p n r r ; t o r .  ‘:‘:it. r ~ i c i c  r r a n s f e r s  t h e  
m o i s t u r e  t o  t h e  r e f r a s i l  L a t t i n 6  i l :  t h e  we l l  of t h e  m o i s t u r e  s e p a r a t o r .  
All meisti ire i s  I-vrnn\,ed f r c m  t h e  aii-sti-earti b y  rile m o i s t u r e  s e p a r a t o r ;  
on ly  w a t e r  vapor i s  passed through. Thus, t h e  humidi ty  i s  m a i n t a i n e d  a t  
40 t o  50 p e r c e n t .  
t o  remove f o r  t h e  30-day m i s s i o n  is  1.0 pound from animal r e s p i r a t i o n  and 
0.40 pound firom u r i n e .  T h i s  water i s  r e t a i n e d  i n  t h e  m o i s t u r e  s e p a r a t o r  
w e l l .  The dew p o i n t  t e m p e r a t u r e  s w i t c h  is  l o c a t e d  immediately downstream 
f r o m  t h e  m o i s t u r e  s e p a r a t o r .  
m o i s t u r e  s e p a r a t o r  at 50 - t 2 O F .  The dew p o i n t  tempera ture  s w i t c h  o p e r a t e s  
a SOleROid v a l v e  i n  t h e  c o o l a n t  bypass l o o p ,  t h u s  modulat ing t h e  amount of  
c o l d  water  s u p p l i e d  t o  t h e  h e a t  exchanger.  .A b a f t l e  w i t h  - 7 5  i n c h  diai i ie ier  
h o l e  i s  l o c a t e d  d i r ec t . l y  i!i f r o r t o f  t h e  tempera ture  s w i t c h  t o  e s t a t ~ l i s h  t h e  
Recessary  a i r  v e l o c i t y  ( 3  tt/sec) f o r  r e s p o n s i v e  tempera ture  s w i t c h  o p c r a -  
t i o n .  The next s t e p  i n  t h e  nit- f l e x  c i r t - i :  i s  t h e  i~ep icn i shmen t  o t  
oxygen t o  t h e  s y s t e m  b y  t h e  low p r e s s u r e  oxygen reguldtor. Ti i t .  oxygen 
s u p p l y  i s  s t o r e d  i n  a s p h e r i c a l  tank (256 i n c h e s  ) a t  2000 p s i g .  ’1’he 
The q u a n t i t y  of w a t e r  t h e  m o i s t u r e  s e p a r a t o r  i s  r e q u i r e d  
I t  c o n t r o l s  t h e  a i r  t e m p e r a t u r e  i n  t h e  
3 
oxbgen passes through two s t a g e s  o f  r e g u l a t i o n  b e f o r e  e n t e r i n g  t h e  ECS. 
The 3000 p s i  i s  ieduced t o  7 0  - I 10 p s i  by t h e  high p r e s s u r ?  r e g u l a t o r  and 
f u r t h e r  reduced t o  14 .7  - t .25 p s i a  b y  t h e  l o w  p r e s s u r e  r e g u l a t o r .  T h e  low 
p r e s s u r e  r e g u l a t o r  m a i n t a i n s  t h e  r a t i o  of oxygen t o  n i t r o g e n  by m a i n t a i n i n g  
t h e  14.7 p s i  w i t h i n  t h e  ECS. 
mice a r e  removed from t h e  a i r  s t ream b y  t h e  gas  a b s o r p t i o n  c a n i s t e r ,  a n  
o v e r a l l  p r e s s u r e  drop is  c r e a t e d  w i t h i n  t h e  package. When t h e  p r e s s u r e  
d r o p s  0 . 2 5  p s i a ,  t h e  low p r e s s u r e  r e g u l a t o r  opens and r e p l a c e s  t h e  used 
oxygen.  AS a f i n a l  s t e p ,  t h e  a i r  f lows through t h e  h e a t e r  e l emen t ,  where 
i t s  t e m p e r a t u r e  i s  r a i s e d  t o  75 i 2OF. t h e r m o s t a t  mounted i n  t h e  i n l e t  
plenum p r o v i d e s  t h e  c o n t r o l  f o r  t h e  h e a t e r  element i n  t h e  same manner a s  
4s the  C 0 2  and o t h e r  g a s e s  produced by t h e  
1 7  
desc r ibed  f o r  t h e  d e w  p o i n t  s c ’ i i ~ o r .  lkle 3.ir 
s t a t  a t  t h r e e  f e e t  p e r  second t h r o u g t ?  :t t ~ ! , ?  
c o n t r o l s  t h e  O N  Time o f  t h e  .r!f x a t t  h c a t t ~ r  e 
2 . 3 . 2  Coolant  System 
A b a s i c  schemat ic  o f  the  func t iona  opt‘ I-a t i o 11 u i t i 1 e C oo 1 d n t 
S y s t e m  i s  g iven  i n  F i g u r e  7 .  i h c  eute~-::n! s p a c i  a - i i c l i d t ~  d ~ i i  ~ : i - ~ , i p a t e  
the hea t_  l ead  2r.d mainCa ln  t:it cuvianr  I L u i d  tenipe1ature a t  4 5 - -  4 O F  a t  
t h e  i n l e t  t o  t h e  system. The Coolant Sbstem pump w i l l  pro,Tide d f l o w  r a t e  
~t .5 GPX t l l r u u g h  r h e  t o t a l  system, i n c l u d i n g  t h e  space  r a d i a t o r  and hea t  
exchanger .  T h e  c o o l a n t  f l u i d  i s  d e l i v e r e d  d i r e c t l y  from t h e  s p a c e  r a d i a t o r  
t o  t h e  h e a t  exchanger ;  from t h e  hea t  exchanger  t h e  f l u i d  f lows through t h e  
c o l d  p l a t e  t o  t h e  pump i n l e t .  A c o o l a n t  r e s e r v o i r  i s  connected i n t o  t h e  
l i n e  between t h e  c o l d  p l a t e  and the  pump t o  a s s u r e  t h a t  t h e r e  a r e  no v o i d s  
i n  the  Coolant  System. 
of  p r e s s u r e  t o  the  c o o l a n t  f l u i d .  The r e s e r v o i r  a l s o  c o n t a i n s  a cha rg ing  
v a l v e  f o r  i n i t i a l  c o o l a n t  f i l l i n g .  The pump r e t u r n s  t h e  f l u i d  back t o  t h e  
space  r a d i a t o r .  
The r e s e r v o i r  c o n t a i n s  a be l lows  t h a t  a p p l i e s  5 p s i g  
Few p o i n t  tempera ture  r e g u l a t i o n .  T o  m a i n t a i n  a r e l a t i v e  h u m i f l i t y  O F  
40-50%,  i t  i s  necessa ry  t o  ma in ta in  t h e  a i r  t empera ture  a t  t h e  o u t l e t  o f  
t h e  heat exchanger  a t  50 - + 2’F. 
i s  r egu la t ed  by a the rmos ta t  which c o n t r o l s  a s o l e n o i d  va lve  i n  a b y p a s s  
c i r c u i t ,  between t h e  c o o l a n t  i n l e t  and o u t l e t .  
The c o o l a n t  f low through t h e  h e a t  exchanger  
2.4 ELE€TRICAL POWER 
The E l e c t r i c a l  System (Figure  8 )  shows a b a s i c  schemat ic  of  t h e  
f u n c t i o n a l  o p e r a t i o n  of  t h e  e l e c t r i c a l  s y s t e m .  The experiment  package does 
n o t  c o n t a i n  a Power System a s  i t  is  dependent  upon t h e  s a t e l l i t e  f o r  i t s  
pr imary  source .  The fo l lowing  l i s t  i s  the  experiment  package power 
r equ i r emen t s  : 
Sub s y s t em 




E l e c t r i c a l  Hea te r  
Thermostats  ( 2 )  
Relays ( 2 )  
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I n  F i g u r e  8 ,  t h e  Coolant  System i s  shown i n  t h e  c o o l a n t  bypass conf ig -  
u r a t i o n -  kF..er. t h e  t c z p r a t u r e  reaches 5OVF, t h e  dew p o i n t  swi t ch  c l o s e s  
ene rg iz ing  t h e  dew p o i n t  r e l a y .  
v a l v e  and a l lows  t h e  c o o l a n t  t o  f low through t h e  hest  ex~hzngcr.  As i-he 
tempera ture  of t h e  a i r  s t r e a m  decreases  below 5OoF, t h e  dew p o i n t  swi t ch  
opens a l lowing  t h e  wa te r  t o  b e  bypassed. 
This  removes power from t h e  c o o l a n t  bypass 
rnL 
L L L ~  e i e c r r r i c a i  h e a t e r  c i r c u i t  o p e r a t e s  i n  a manner s i m i l a r  t o  t h e  
c o o l a n t  c i r c u i t .  
e lement .  When t h e  t empera tu re  reaches 75OF, t h e  mouse-house t empera tu re  
s w i t c h  c l o s e s  and e n e r g i z e s  the heater power relay, remv2ng power from 
t h e  h e a t e r  element. 
t empera tu re  s w i t c h  opens allowing voltage a g a i n  t o  he applied t o  the h e a t e r  
e lement .  
coolant pump and f a n  require cont inuous  power. 
The h e a t e r  c i r c u i t  i s  shown with veltagc a p p l i e d  t o  che 
A s  t h e  a i r  t empera ture  decreases berow 7S0F, t h e  
During o p e r a t i o n  of the experiment  package, the d&ta system, 
2 . 5  DATA HANDLING AND STORAGE SYSTEM 
The main function of t h e  da t a  handl ing  sys tem i s  measurement of  body 
t empera tu re  of each animal a t  f ive-minute  i n t e r v a l s  con t inuous ly  for t h e  
d u r a t i o n  of t h e  experiment .  
convenient  format, accumulated i n  a b u f f e r  s t o r a g e  dev ice ,  and r e t r i e v e d  
and t r a n s m i t t e d  t o  t h e  ground s t a t i o n  on commzr?c! vis t hc  SpiiceLrar'L 
t e l e m e t r y  system. 
These d a t a  a r e  a c c u r a t e l y  conver ted  i n t o  a 
The s i m p l i f i e d  b lock  diagram of F i g u r e  9 shows t h e  experiment  i n s t r u -  
men ta t ion  € o r  t h e  t empera tu re  and housekeeping d a t a  subsystems.  
i n d i c a t e d  a r e  t h e  a s s o c i a t e d  d a t a  p r o c e s s o r ,  t h e  p r o g r a m e r  which c o n t r o l s  
a l l  d a t a  channels  ( i n c l u d i n g  housekeeping measurements),  and t h e  d a t a  
s t o r a g e  sys tem.  
A l s o  
To ach ieve  t h e  experiment o b j e c t i v e s ,  pocket  mouse tempera ture  
measurements must be  made w i t h  a r e s o l u t i o n  of 0.1OC. This  tempera ture  
r e s o l u t i o n  must be prese rved ,  t o g e t h e r  w i th  i t s  cor responding  t ime base  
a c c u r a c y ,  through t h e  c h a i n  o f  events  up t o  and i n c l u d i n g  ground d a t a  
r e d u c t i o n .  D i g i t a l  t echniques  b e s t  p rov ide  t h e  accuracy  r equ i r ed  t o  meet 
t h e  o b j e c t i v e s .  The fo l lowing  paragraphs d i s c u s s  t h e  major  e lements  of 












































2.5.1 Temperature Telemeter 
Temperature measurements a r e  d e r i v e d  from a t h e r m a l l y  s e n s i t i v e  
t e l e m e t e r  implanted i n  t h e  animal which t r a n s m i t s  mouse body tempera ture  
L _  . 
LU w i t h i n  0.25OC. A-irtefifiae woiind ai-ouiid t k t e  di-ili~al hoiisiiig tubes  u s e d  
t o  d e t e c t  t h e  telemeter pulsed  RF energy and a r e c e i v e r  c o n v e r t s  t h e  
s i g n a l  i n t o  a se r ies  of  p u l s e s  which a r e  p e r i o d i c a l l y  sampled by t h e  d a t a  
p r o c e s s o r .  
, . P A  7. L . 3 . L  IJata Processor  
Temperature p u l s e s  from each of t h e  s i x  channels  a r e  f e d  i n t o  
the d a t a  p r o c e s s o r  and conver ted  i n t o  1 0 - b i t  d i g i t a l  format  p r i o r  t o  
s t o r a g e .  The d a t a  p r o c e s s o r  b a s i c a l l y  c o n s i s t s  of  a 1 0 - b i t  b i n a r y  c o u n t e r ,  
a IO-bit shift r e g i s t e r  and t h e  r e q u i r e d  l o g i c  e lements  t o  o r g a n i z e  t h e  
t e m p e r a t u r e  d a t a  i n t o  t h e  r e q u i r e d  format .  P u l s e s  from t h e  tempera ture  
subsystem a r e  g a t e d  i n t o  t h e  d a t a  p r o c e s s o r  by 10 second t iming  p u l s e s  from 
t h e  programmer where t i m i n g  a c c u r a c i e s  a r e  main ta ined  t o  0.01 p e r c e n t .  
A t  a nominal tempera ture ,  t h e  telemeter p u l s e  r a t e  i s  approximate ly  
350 pps and prcduccs  a t o t a l  of 3500 c o u n t s  i n  10 seconds.  The c a p a c i t y  of 
t h e  1 0 - b i t  b i n a r y  c o u n t e r  i n  t h e  d a t a  p r o c e s s o r  i s  2lO-1 o r  1023. However, 
t h e  c o u n t e r  r e c y c l e s  e v e r y  1024 c o u n t s  and a t  t h e  end of 10 seconds has  
r e c y c i e d  t h r e e  t i m e s ;  t h e  r e g i s t e r e d  count  w i i i  t h e n  be i n  t h e  f o u r t h  c y c i e .  
I n  e f f e c t ,  t h i s  c o n s t i t u t e s  a 1 2 - b i t  d i g i t a l  sys tem where t h e  f i r s t  two 
s i g n i f i c a n t  b i t s  ( o r  f i r s t  3072 c o u n t s )  a r e  n o t  recorded  s i n c e  t h e y  a r e  
always known. The r e s o l u t i o n  of t h e  system i s  about  O.O25OC, provid ing  a 
t o t a l  ambigui ty  of  0 .05OC.  Programming w i l l  a l s o  r e c e i v e  and d i g i t i z e  
1 2  ana log  i n p u t s .  
c o n v e r t e d  i n t o  a n  8 - b i t  word. 
The ana log  i n p u t s  a r e  0 t o  +5V ( R s  - =  1K) and w i l l  be  
2.5.3 Programmer 
The d a t a  p r o c e s s o r  and d a t a  s t o r a g e  t a p e  r e c o r d e r  a r e  c o n t r o l l e d  
by t h e  programmer subsystem. The programmer s e q u e n t i a l l y  se lec ts  each 
channel  a t  t h e  p r o p e r  t i m e  and s h i f t s  i t s  d a t a  i n t o  t h e  t a p e  r e c o r d e r .  
A g r a p h i c  p r e s e n t a t i o n  cf word and frame sequences i s  shown i n  F igure  10. 
The main e lements  of t h e  p r o g r a m e r  and t h e  f u n c t i o n s  of t h e s e  elements  






































































A 10 KC o s c i l l a t o r  i s  d iv ided  down t o  produce p u l s e s  a t  s e v e r a l  
lower f r e q u e n c i e s .  These p u l s e  t r a i n s  a re  used f o r  t h e  t iming  and synchron- 
L ~ u c ~ v I L  of  th- n.rr\..t.- n n m t r r r l  1 - A  L. t h n  -----,--.- < -_ t i  m.
L L . L  L V L L L L d  L V L L L L V L L C U  ” J  L L L C  p L ” ~ L * . L Y l l F ; L .  
2.5.3.2 Channel S e l e c t o r  
Each s t a g e  of a s ix-s tage  r i n g  c o u n t e r  s e q u e n t i a l l y  e n a b l e s  each 
of s i x  g a t e s .  Each of  t h e s e  se t s  of g a t e s  c o n t r o l s  t h e  o p e r a t i o n s  r equ i r ed  
t -  Lu s h i f t  d a t a  from a p a r t i c u l a r  channel  and reset  it t o  accep t  t h e  teiqei-a- 
t u r e  d a t a  from t h e  nex t  channel .  
2.5.3.3 S h i f t  P u l s e  Genera tor  
Th i s  c i r c u i t  i s  a f o u r - s t a g e  b i n a r y  c o u n t e r  p r e s e t  t o  t h e  count  
of 10. Upon t h e  r e c e i p t  of a r e s e t  p u l s e ,  i t  g e n e r a t e s  a t r a i n  of 10 
s h i f t  p u l s e s  a t  t h e  c l o c k  r a t e  of 500 pps.  
a r e  g e n e r a t e d  f o r  each d a t a  frame. The f i r s t  group s h i f t s  a Barker  Code 
o r  i t s  complement i n t o  t h e  t a p e  r eco rde r .  
d a t a  o u t  o f  t h e  d a t a  p r o c e s s o r ’ s  s h i f t  r e g i s t e r  and i n t o  s t o r a g e .  The l a s t  
two  groiips s h i f t  the digitized data  out of t h e  A / D  c o n v e r t e r  (two analog 
c h a n n e l s ) .  
Four groups  of t h e s e  p u l s e s  
The n e x t  s h i f t s  t h e  t empera tu re  
2.5.3.4 Word S e l e c t o r  
The word s e l e c t o r  i s  a r i n g  c o u n t e r  w i t h  a s t a g e  f o r  each  word 
i n  t h e  d a t a  frame. I t  g e n e r a t e s  p u l s e s  t o  r e c y c l e  t h e  s h i f t  p u l s e  g e n e r a t o r .  
It a l s o  produces c o n t r o l  p u l s e s  f o r  r e - s e t t i n g  t h e  p a r t i c u l a r  d a t a  p rocesso r  
b e i n g  i n t e r r o g a t e d ,  and enab le s  t h e  A I D  c o n v e r t e r .  
2.5.3.5 Recorder  Con t ro l  
The d a t a  s t o r a g e  t a p e  r eco rde r  i s  t u r n e d  on 100 m i l l i s e c o n d s  
p r i o r  t o  t h e  r eco rd ing  o f  t h e  f i r s t  word i n  each  frame t o  a l l o w  t h e  t ape  
t r a n s p o r t  t o  come up t o  o p e r a t i n g  speed ,  and t o  p rov ide  a d a t a  gap between 
f rames  t o  a i d  i n  d a t a  a c q u i s i t i o n .  The c o n t r o l  c i r c u i t  i s  a f l i p - f l o p  
t h a t  d r i v e s  t h e  c o n t r o l  c i r c u i t s  i n  t h e  t ape  t r a n s p o r t .  T h i s  f l i p - f l o p  
i s  t u r n e d  o f f  a t  t h e  end of  t h e  l a s t  word i n  each frame. 
2.5.3.6 Barker  Code Sync Genera tor  
A d i g i t a l  s y s t e m  r e q u i r e s  a synchron iz ing  word a t  t h e  beginning 
of  each  frame i n  o r d e r  t o  synchronize  d a t a  p rocess ing  s y s t c m s  w i t h  t h e  
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recorded d a t a .  The Barker  Code a l s o  e s t a b l i s h e s  b i t  synchron iza t ion .  
The Barker  Code i s  iised f o r  synchrsn ized  channel ing .  
mark chznne l s  two through s i x .  
I t s  complement w i l l  
2 .5 .3 .7  Housekeeping Data 
To record  housekeeping measurements,  an  ana log  t o  d i g i t a l  c o n v e r t e r  
i s  used i n  c o n j u n c t i o n  w i t h  t h e  prograilnller. I t  d i g i t i z e s  the s e v e r a l  ana log  
.,,.lt-,.-.- v u L L u 6 c J  c--- L L U I I I  L’ L I ~  i empera ture  and p r e s s u r e  t r a n s d u c e r s  and from e l e c t r o n i c s  
c i r c u i t s  be ing  monitored.  
2.5.3.8 Recorder  and Con t ro l s  
Data a r e  s t o r e d  on magnet ic  t a p e  every  f i v e  minutes  and t r a n s -  
m i t t e d  t o  t h e  ground s t a t i o n s  once p e r  o r b i t .  While t h e  t ape  r e c o r d e r  i s  
i n  t h e  r eco rd  mode, i t  w i l l  record d a t a  u n t i l  i t  r e c e i v e s  a comanci t o  a 
p layback  o r  it reaches  End Of  Tape (EOT). 
a p p l i e d  t o  t h e  playback c o n t r o l  i n p u t ,  t h e  r e c o r d e r  w i l l  advance t o  End Of 
Tape ( E O T )  e r a s i n g  t h e  remainder of t h e  t a p e  on t h e  loop.  When t h e  EOT is  
reached ,  t h e  t a p e  r e c o r d e r  w i l l  sw i t ch  o v e r  t o  playback mode and c o n t i n u e  
t h e  p layback  a s  long a s  t h e  playback command i s  a p p l i e d  t o  t h e  c o m a n d  
c o n t r o l  i n p u t .  When t h e  playback c o m a n d  i s  removed, t h e  t a p e  r e c o r d e r  w i l l  
c o n t i n u e  t o  End O f  Tape where i t  w i l l  s w i t c h  t o  a record  mode. I f  EOT i s  
reached d u r i n g  record  mode, t a p e  r e c o r d e r  w i l l  s w i t c h  t o  playback mode and 
w a i t  f o r  a playback command upon which playback w i l l  commence immediately.  
When a playback command is 
Opera t ion  of e l e c t r o n i c s  s i g n a l s  from t h e  b i o t e l e m e t r y  r e c e i v e r  
(which o p e r a t e s  c o n t i n u o u s l y )  a r e  sampled i n  sequence f o r  a p e r i o d  of  
10 seconds  each f i v e  minutes  by the  channel  s e l e c t o r .  When t h e  10 second 
coun t  from a g i v e n  channel  has been accumulated i n  a Binary  c o u n t e r ,  it i s  
t r a n s f e r r e d  t o  a s h i f t  r e g i s t e r  and a c o u n t e r  i s  c l e a r e d  f o r  t h e  nex t  
channe l .  Before  s h i f t  r e g i s t e r  i s  s h i f t e d  i n t o  t h e  t a p e  r eco rd ,  a B ina ry  
code  sync word ( o r  i t s  complement) i s  s h i f t e d  i n t o  t h e  t a p e  r e c o r d e r  
( F i g u r e  9 ) .  The b i o t e l e m e t r y  d a t a  i s  s h i f t e d  i n t o  t h e  t a p e  r e c o r d e r  
immediately fo l lowing  t h e  sync word; immediately fo l lowing  t h e  b i o t e l e m e t r y  
d a t a ,  t h e  ana log  channels  a r e  s h i f t e d  o u t  of t h e  A I D  c o n v e r t e r  s h i f t  
r e g i s t e r  o n t o  t h e  t a p e .  The f i r s t  of t h e s e  ana log  channe l s  i s  d i g i t i z e d  
w h i l e  t h e  f i r s t  i s  be ing  s h i f t e d  o u t .  A l l  f o u r  words a r e  1 0 - b i t s  each 
and 500 bps.  
An a n t i c i p a t e  record  s i g n a l  is s e n t  t o  t h e  tdpe r e c o r d e r  i 0  seconds 
b e f o r e  t h e  f i r s t  record  i n  each frame t o  b r i n g  the Capstan motor up t o  
speed. 
i s  f e d  t o  t h e  t a p e  r e c o r d e r  record-command i n p u t .  A t  t h i s  t i m e ,  a c l u t c h  
i n  t h e  t a p e  r e c o r d e r  engages t h e  motor and Capstan.  
t i m e  i s  r e q u i r e d  t o  r e a c h  t a p e  speed (about  1 5  ms> and t h e  ba?ar;ce of t h e  
t i m e  i s  used t o  g e n e r a t e  a d a t a  c a p a b i l i t y  which f a c i l i t a t e s  d a t a  a c q u i s i t i o n .  
The d i g i t a l  data is s t o r e d  in s e r i a l  f o m . o n  me t r a c k  of a two- t rack  
d i g i t a l  t a p e  r e c o r d e r .  
s y n c h r o n i z a t i o n  and to  a i d  i n  d a t a  r e d u c t i o n .  
i n  t h e  form of  a cont inuous  loop about  36 i n c h e s  i n  length .  
f o r  each  t r a c k  serves for both record  and playback.  No e r a s e  head i s  
r e q u i r e d  s i n c e  t h e  record  head always s a t u r a t e s  t h e  t a p e  d u r i n g  t h e  record  
mode. Two c o n t r o l  systems a r e  r e q u i r e d ;  one t o  s t a r t  and s t o p  t r a n s p o r t  i n  
t h e  record  mode, and one t o  playback on command. On command t o  p layback ,  
t h e  t r a n s p o r t  advances t h e  t a p e  i n  t h e  record  mode t o  t h e  end of t h e  loop  
( a t  s p l i c e ) .  
t h e  l a s t  o r b i t .  When t h e  end of t h e  loop i s  reached,  t h e  r e c o r d e r  au tomat i -  
c a l l y  s w i t c h e s  t o  playback mode and t h e  t a p e  c o n t i n u e s  t o  advance f e e d i n g  
"non-re turn  t o  z e r o t t  PCM d a t a  t o  t h e  s p i c e c r a f t  te leri lrtry syscem. 
r e c o r d e r  c o n t i n u e s  t o  o p e r a t e  i n  playback mode through s e v e r a l  c y c l e s  t o  
i n s u r e  a good t r a n s m i s s i o n  and ground s t a t i o n  record ing .  
f o r  one playback of t h e  d a t a  taken  d u r i n g  one o r b i t  i s  approximate ly  15 
seconds.  On command t h e  r e c o r d e r  s w i t c h e s  back t o  t h e  record  mode t h e  n e x t  
t i m e  i t  reaches  t h e  s t a r t i n g  p o i n t  on t h e  t a p e  loop.  The t a p e  speed f o r  
b o t h  record  and playback i s  approximately t h r e e  i n c h e s  p e r  second and t h e  
packing  d e n s i t y  i s  approximately 200 b i t s  p e r  i n c h .  
c r i t i c a l  s i n c e  a t i m e  r e f e r e n c e  i s  used on t h e  a d j a c e n t  t r a c k .  
100 ms b e f o r e  each 80 ms record  (40 b i t s  a t  500 b p s )  a record  s i g n a l  
P a r t  o f  t h e  100 m s  
The second t r a c k  r e c o r d s  c l o c k  p u l s e s  t o  i n s u r e  b i t  
A h a l f - i n c h  t a p e  i s  used 
A s i n g l e  head 
T h i s  e r a s e s  any d a t a  l e f t  on t h e  remaining t a p e  a t  t h e  end of  
_. 
l h e  t a p e  
The t i m e  r e q u i r e d  
Tape speed i s  n o t  
2.6 LAUNCH V E H I C L E  INTERFACE 
The experiment  was designed as  a secondary experiment  aboard t h e  A t l a s /  
Agena; however, t h e  d e s i g n  f a c i l i t a t e s  r e c o n f i g u r a t i o n  and provides  t h e  
n e c e s s a r y  f l e x i b i l i t y  f o r  i n t e g r a t i o n  i n  a l a r g e  number of s p a c e  v e h i c l e s .  
I n t e r f a c e  c h a r a c t e r i s t i c s  of  t h e  p r o t o t y p e  a r e :  
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2 .6 .1  Weight: 80 pounds 
Envelope: 17.5” x 20”  x 20“  
2 .6 .2  Power: 28 V D C ;  6 2  w a t t s  cont inuous  power f o r  a 30-day mis s ion  
2.6.3 Command System: The v e h i c l e  must p rov ide  two 28 VDC commands; 
one command t o  i n i t i a t e  playback of  t h e  s t o r e d  d a t a ,  and t h e  o t h e r  t o  
r e t u r n  t h e  d a t a  s y s t e m  t o  t h e  r e c n r d  mode.. 
2 .6 .4  Data Transmiss ion:  The v e h i c l e  m u s t  b e  c a p a b l e  o f  + - - - -  L L d l l s m i  r_cFng 
C ~ E  expei-imencis s t o r e d  PCM da ta  t o  t h e  ground s t a t i o n  f o r  r e t r i e v a l .  
Experiment o u t p u t  i s  non-re turn- to-zero  (mark) ,  0 - 5 V  w i t h  a 550 pps b i t  rate. 
2.6.5 Space Rad ia to r :  A s p a c e  r a d i a t o r  must be  provided  on t h e  
v e h i c l e  t o  provide c o o l a n t  f l u i d  for t h e m e l  c o n t r o l  of t h e  experiment  
package. 
R a d i a t o r  Capac i ty  Minimum: 0.5 GPM o f  water  a t  49O F tempera ture .  
The s p a c e  r a d i a t o r  p rov ides  t h e  n e c e s s a r y  h e a t  r e j e c t i o n  s o u r c e  f o r  t h e  
experiment package. 
i s  a f u n c t i o n  of  t h e  p o s i t i o n  of t h e  r a d i a t n r .  
The s i ze  of r a d i a t o r  r e q u i r e d  t o  d i s s i p a t e  t h e  h e a t  
I f  t h e  r a d i a t o r  i s  p o s i t i o n e d  
s o  t h a t  i t  i s  normal t o  t h e  s o l a r  r a y s ,  a r a d i a t o r  o f  4 f t  2 w i l l  be  r e q u i r e d .  
t h e  r e q u i r e d  s i z e  i s  ~ p p r c x i r n a t e l y  0 . 3  r‘r: 2 . I f  t h e  r a d i a t o r  i s  p o s i t i o n e d  so t h a t  it i s  neve r  i r r a d i a t e d  by t h e  sun,  
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3 .O E N V  IKONMENTAL TEST PROGRAM RESULTS 
A t e s t  p l a n  was des igned  t o  s e r v e  a s  a g u i d e  i n  c o n t r o l l i n g  t h c  
developmental  and q u a l i f i c a t i o n  t e s t i n g  o f  t h e  components and f u l l y  assembled 
c i  rczdiar !  rhy thm cxperlment p L k a g e .  
a s su red  compliance w i t h  c o n t r a c t  requi rements  and demonstrated i n t e g r i t y  of 
t h e  system t o  per form i n  accordance w i t h  a p p l i c a b l e  s p e c i f i c a t i o n s .  
-. 
ihe  sequence of t es t s  and p rocedures  
The subsystems were conducted c o n c u r r e n t l y  w i t h  des ign  comple t ion  and 
s y s t e m  f a b r i c a t i o n  to e s t a b l i s h  f i n a ?  desigi i  ijai-ameters and v e r i f y  t h e  
f u n c t i o n a l  performance. 
t h e  comple te  system, i n c l u d i n g  an imals ,were  s u b j e c t e d  t o  s imula t ed  mis s ion  
environments  w h i l e  e x e r c i s i n g  a l l  f u n c t i o n a l  f e a t u r e s  o f  t h e  sys tem and 
mon i to r ing  t h e  performance. 
During the Q u a l i t y  Assurance and Environmental  Tes ts ,  
S e c t i o n  3.0 has been excerp ted  from t h e  more comprehensive T e s t  Summary 
Keport  NSL 66-88 submi t ted  as a p a r t  of  t h i s  c o n t r a c t .  
3 . 1  THIRTY-DAY THERMAL VACUUM ENDURANCE T E S T  
3.1.1 Environmental  Cont ro l  System 
The complete  system, inc lud ing  5 m i c e  w i th  t empera tu re  t e l e m e t r y  
i m p l a n t s ,  was p o s i t i o n e d  i n  t h e  NSL 3 - f o o t  d i ame te r  space  s i m u l a t o r  on 
19 A p r i l  1966. Chamber f e e d  t roughs provided  f o r  c o o l i n g  w a t e r ,  power. 
and mon i to r ing  equipment a s  shown i n  F i g u r e  11. A f t e r  s e t u p ,  a f u n c t i o n a l  
checkout  was performed a t  ambient  p r e s s u r e  and w i t h  system o p e r a t i n g ,  t h e  
chamber w a s  pumped down t o  below 100 microns ,  and t h e  30-day t e s t  was s t a r t e d .  
The ambient chamber t empera tu re  was ma in ta ined  a t  75OF + 2 O  d u r i n g  t h e  t e s t  
p e r i o d .  Tab le  I i s  a ch rono log ica l  summary of t h e  t e s t  even t s  and r e s u l t s  
f o r  t h e  30 days .  T h e  t es t  d a t a  monitored i s  shown i n  Table  11, which a l s o  
shows t h e  s t e a d y  s t a t e  d a t a  logged d u r i n g  t h e  30-day endurance p e r i o d .  
F i g u r e  12 shows t h e  oxygen consumption d u r i n g  t h e  p e r i o d .  F i g u r e  1 3  shows 
t h e  t r a n s i e n t  response  o f  t h e  c o n t r o l l e d  mouse house a i r  t empera tu re  d u r i n g  a 
f o r c e d  v a r i a t i o n  o f  t h e  coo l ing  s o l u t i o n  tempera ture .  A t  t h e  end of  t h e  
endurance  t e s t ,  samples of t h e  atmosphere i n  t h e  experiment  were ana lyzed  
w i t h  t h e  r e s u l t s  shown by Table  111. A photograph o f  t h e  t e s t  s e t u p  i s  



















r Status Channels 
Housing Temp. i-. 
Calib. Temp. t‘ 
~ ~ ~ I e i ” e r  i a ior  Voirrage oscil- 
28 Volt Supply 
To Hourly Clock 
Time of Day 
Step Calibration 
Water P imal Continuous Mon i to r i ng 
1 Selected 
Recorder --[ Channel 3 Cooler Temp era t ure s - I 
Bio Rythms Monitor System 
and Paper Tape Printer 
b 
Simulated Space Radiation 
FIGURE 11 c I K 2 U X A N  RHYTHM INSTRUMENTATION SCHEMATIC FOR 
THERMAL VACUUM AND 30 DAY ENDURANCE TESTS 
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Date 
19 A p r i l  1960 
27 A p r i l  1966 
28 A p r i l  I966 
28 A p r i l  1966 
29 A p r i l  1966 
30 A p r i l  1966 
14 l iay 1966 
16 May 1966 
18 May 1966 
1 9  May 1966 
20 Play 1966 
I . : \ f t > i ~ C  s 311d C o i n m P n t s  ~- -_ 
Star? 3P t lnv Tl ier l r ia l  Vacuum T e s t  i n  3 '  d i ame te r  chanilicr. 
S y s  t t m  C u i i c L i o n i i ~ g  p r o p e r l y ,  mice i n s t a l l e d ,  chamber 
p r e s s u r e  pumped t o  18 microns and llnlc!i!~g. 
(Ipeiiccl c1iarnl)er f o r  6 hours  t o  check e l e c t r o n i c s .  
~pcxiied chamber for 15 minutes  t o  remove t a p e  r e c o r d e r  
a:id r e t u r n e d  t o  vendor  f o r  r e p a i r .  
Opened chamber for 5 minu tes  t o  i n s t a l l  t a p e  r eco rde r .  
Opened chamber f o r  70 minu tes  t o  remove t a p e  r eco rde r .  
Opt.riecl chamber f o r  5 minu tes  t o  i n s t a l  1 t a p e  r eco rde r .  
Opened chamber f o r  10 minu tes  t o  remove t a p e  r e c o r d e r  
(vendor  found t a p e  th readed  wrong caused  jammilIg). 
Opened chamber f o r  85 minutes  t o  i n s t a l l  t a p e  r e c o r d e r  
a f t e r  r e p a i r .  
Mouse No. 2 3 1 9 ,  male, no response .  
Reduced chamber p r e s s u r e  t o  3 x and conducted 
t r . z n s i e n t  tempera ture  r e sponse  t e s t  by c h i l l i n g  and 
warming cool ing  l o o p  s o l u t i o n .  
Chamber p r e s s u r e  back t o  40 microns.  Mouse No. 2254, 
female observed t o  have  no t empera tu re  response .  Took 
mc-:ise house gas samples  #l and  $12. 
Took gas samples $3 and 114. 
Took g a s  samples 1/5 ant1 #h (end of 30 day endurance t e s t ) ,  
opened experiment package No. 2319 and  No. 225G;  mice 
were f o u n d  dead. 
29 
TA8LE T I  
TEST DATA MONITORED 
Data Channels  
Anima 1 Temperatures  
1 
- Monitor  and Rpcord Method 
B i o  r h y t h w  moni tor  system 
2 To paper  t a p e  p r i n t e r  
3 P l u s  one s e l e c t e d  channel 
4 To Honeywell c o n t i n u o u s  
5 Pen type r e c n r d e r  






C i r c a d i a n  rhythm experiment  
E l e c t r o n i c s  system 
t: 0 
O s c i l l i g r a p h  r e c o r d e r  
(CEC 5-114-P4-18) 
Housekeeping Data 
1. Housing t e m p e r a t u r e  
2. C a l i b r a t i o n  tempera ture  
3 .  O s c i l l a t o r  v o l t a g e  (receiver) 
V i a  e i e c t r o n i c s  systems t o  o s c i l l o g r a p h  
r e c o r d e r  
4.  28 v o l t  supply  
5. Hourly c l o c k  
6. Time of day 
7 . -  Stepped c a l i b r a t e  v o l t a g e s  
12 .  
System Temperatures  Recorded on Logged s t e a d y  s t a t e  v a l u e s  
Honeywell M u l t i p o i n t  Temperature 
Logging 
1. A i r  t e m p e r a t u r e  mouse house 
2. A i r  t e m p e r a t u r e  a t  moisu ture  
s e p a r a t o r  
3.  Temperature c o o l i n g  s o l u t i o n  
4.  Temperature  c o o l i n g  s o l u t i o n  
i n l e t  
o u t l e t  








Data Channels - -- 
6 .  L&>ir e------- L I ~ I ~ ~ :  Ldrure r a d i a n t  a m b i e n t  
Chamber #2 
7. Cooling s o l u t i o n  sump tank ( l o g  
book o n l v )  
F u r  t he  r ?a raw c e r s 
Data I d e n t i t y  
P.Cmosphere Composiiion 
? lon i to r  and Record Method 
64OF 
49SF 
Record o r  Readout Method Logged Steady  Values  
Beckman Model JPH C 0 2  Analyze r  0% 
0 2  neckman Model 778 Analyzer  18 t o  20% 
System P r e s s u r e  ( R e  ATM) Water manometer /visual  log 
Housing d i f f e r e n t i a l  
p r e s s u r e  
Experiment sound level A l t ec  2 1  B R - 1 5 0  mike 
-1.1 t o  -3  i n c h  H20 
. 3  i n c h  H 2 0  
100 d b  re  .0002 dyn/crn2 
VI t er manometer/ v i s u a  1 log 
Altec P526A power supply  (no c y c l i c  v a r i a t i o n  of 
sound l e v e l )  
Space chamber p r e s s u r e  Vero thermocouple gage d 1 0 0  micron 
D.C. suppiy v o l t a g e  HLirison Lab Model 6267 supply  2 8  VDC 


































C I R C A D I A N  RHYTHM E X P E K I M E N T  PACKAGE 
ATMOSPHERIC COMPOS I T  ION AN ALYS IS  
Sample Sample I d e n t i t y  
CO No. and T i m e  Taken 
1 18 May 1966 13:25  - 22:35 n-nIo4 18-2:L 81.8% - - 
18 May 1966 22:35 - 08:13 0.02% 20.5% 79.6% - - 
19 May 1966 08:25 - 2 1 : O O  0.01% 19.6% 80.4% 
- c02 - CHq - N -  L -2 0 
l 2  
3 
4 20 May 1966 In-house s i d e  0.01% 22.4% 77.6% Trace* - 
- - 
08:  15 
41.0% 59.0% -L a < 19 t o  20 May 21 Z O O  - 0 8 ~ 0 5  - - 
6 20 May 1966 Out-house s i d e  0.01% 41.3% 58.1% Trace  - 
08:15 (Endurance t e s t  ended 
on 20 May) 
fc None d e t e c t e d  
;E; Trace  0.01% 
Samples 1, 2 ,  3 and 4 were c o l l e c t e d  i n  i n - l i n e  c o n t a i n e r s  
Samples 4 and 5 were c o l l e c t e d  i n  evacuated c o n t a i n e r s  (See F igu re  1) 
Elethod of  c o l l e c t i o n  o f  samples 5 and 6 caused oxygen r e g u l a t o r  t o  o p e r a t e  





3.1 .2  - Tlata Handling and Storage  
m, 
liie ddtd w l i i c l ,  was ~ t ~ i e c i  dild ie t r ievecl  ELCJ~TI the  Cxpeilniei-it 
Package c o n s i s t e d  of body tempera tures  d e r l v e d  from t h e  implanted t e l e m e t e r s ,  
p r e c i s e  5-minute t iming  s i g n a l s ,  and e n g i n e e r i n g  s t a t u s  o f  the ECS. 
Concur ren t ly ,  body t empera tu re  was monitored d i r e c t l y  from t h e  Experiment 
Package r e c e i v e r s  a t  10-minute i n t e r v a l s  f o r  t h e  d u r a t i o n  o f  t h e  t e s t .  
n3t 2 ~ ; . . p _ ~ e _  i e r _ ~ ~ . r ~ _ r e d  f nm the F_uppyi-ent pz~_kzgp_ n s ~ < l l ~ u r a n h  t _ l n P  o-- r - -  r -  - Y - 1  
(F igu re  1 5 ) ,  t r a n s f e r r e d  t o  IBM ca rds  and p l o t t e d  on a n  E l e c t r o n i c  Assoc ia t e s  
1 n 1 c)Tr Aiitiimattc P l o t t e r .  A coiiiparison of t h i s  proc25sed d a t a  r e t r i e v e d  from 
t h e  Experiment Package Data Handling and S t o r a g e  System and t h e  d a t a  moni- 
t o r e d  d i r e c t l y  from the r e c e i v e r s  demonstrated t h e  accu racy  of t h e  experiment  
package e l e c t r o n i c s  (F igu re  1 6 ) .  
While  t h e  performance o f  the da ta  s y s t e m  was g e n e r a l l y  s a t i s f a c t o r y ,  
t h e r e  were minor  problems such  a s  "c ross  t a l k "  between two c h a n n e l s ,  a t t r i -  
b u t a b l e  t o  improper s e t t i n g  o f  t h e  r e c e i v e r  g a i n ,  and i n t e r m i t t e n t  n o i s e  i n  
one channel  t r a c e d  t o  a f a u l t y  400 c y c l e  i n v e r t e r  f o r  t h e  f a n  motor .  Some 
d i f f i c u l t y  was exper ienced  i n  o p e r a t i o n  of t h e  t a p e  r e c o r d e r ,  b u t  t h e r e  were 






I / -  
I 62 
Word I 
R e f .  I t D a t a  
r r 
1 
Data t i  
Word Barker  Barker  
R e f .  Code Code 
C o m p l e m e n t  
F IGURE 15 T Y P I C A L  D I G I T A L  DATA FROM 30 DAY T E S T  RECORDED 
ON OSCILLOGRAPH TAPE 
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The c x p e r i a e n t  package was a t t ached  t o  a r i g i d  f l a t  p l a t e  which was 
b o l t e d  t o  t h e  A249 Exci ter .  I t  was t h e n  s u b j e c t e d  t o  t h e  fo l lowing  l e v e l s  
of  s i n u s o i d a l  and random v i b r a t i o n .  
3 .2 .1  S i n u s o i d a l  
One four -minute  loga r i thmic  sweep was admin i s t e red  i n  each of 
t h r e e  o r thogona l  axes  from 5 t o  2000 cps  a t  t h e  fo l lowing  ampl i tudes :  
5 t o  14  c p s  0 . 5  inches  D.A. 
1 4  t o  100 c p s  - +4.5 G peak 
100 t o  500 c p s  - +7.5 G peak 
500 t o  2000 c p s  k12.0 G peak 
3.2.2 Random 
V i b r a t i o n  was a p p l i e d  f o r  f o u r  minu tes  i n  each  of t h r e e  o r thogona l  
2 axes  w i t h  a l e v e l  of -05  G / cps  from 20 t o  2000 cps .  The s p e c t r a l  d e n s i t y  
was w i t h i n  - t6 db, and t h e  o v e r a l l  l e v e l  v a r i e d  from 11.5 G rms i n  a x i s  1 and 
2 t o  15 G rms i n  a x i s  3. 
Tab le  I V  i s  a c h r o n o l o g i c a l  log  o f  v i b r a t i o n  t e s t  even t s  and o b s e r v a t i o n s .  
Photographs of  acce le romete r  placement and v i b r a t i o n  a x i s  a r e  shown i n  
F i g u r e s  1 7  and 18. Mice w e r e  exposed t o  random v i b r a t i o n  b u t  no t  s i n u s o i d a l  
( s e e  Ccctioi i  3.5: .  
3.3 ACCELERATION 
S u s t a i n e d  a c c e l e r a t i o n  w a s  a p p l i e d  i n  t h e  t h r u s t  a x i s  ( p o s i t i v e  d i r e c t i o n )  
a t  10 G f o r  120 seconds  and a t  6 G i n  t h e  l a t e r a l  and l o n g i t u d i n a l  axes  f o r  
120 seconds  each.  The Northrop Engineer ing Tes t  L a b o r a t o r i e s ’  10 - foo t  
d i a m e t e r  c e n t r i f u g e  was used f o r  t h i s  t e s t .  A c c e l e r a t i o n  b u i l d  up and 
d e c l i n e  was a t  a r a t e  of l e s s  than  1/3 G/second. The environmental  c o n t r o l  
sys t em and t h e  e l e c t r o n i c s  system were non- func t iona l  du r ing  t h i s  t e s t .  
F i v e  mice  were s u b j e c t e d  t o  t h e  a c c e l e r a t i o n  t e s t  i n  t h e  t h r u s t  a x i s  on ly .  
G l e v e l  was de te rmined  by a nomograph s o l v i n g  G = (2 .84  x N 2 r  
where N = Tab le  RPM; r = Tab le  rad ius  ( t a b l e  c / l  d i s t a n c e  t o  specimen cG); 
G :-: r a d i a l  a c c e l e r a t i o n .  
TABLE I V  
L O G  OF TEST E V C N l b  ANU RESULTS 
Date 
20 May 1966 
21 May 1966 
21 May 1966 
21 May 1966 
21 May 1966 
22 May 1966 
T e s t  Event 
P repa re  package f o r  
v i b r a t i o n  t e s t i n g  
V i b r a t i o n  - No. 1 a x i s  
( l o n g i c u d i n a i j  s i n u s o i d a l  
4 minute run completed - 
no m i c e  were i n s t a l l e d .  
V i b r a t i o n  - No. 1 a x i s  
random run  s t a r t e d  - 
5 mice were i n s t a l l e d .  
V i b r a t i o n  - No. 1 a x i s  
random run completed - 
no m i c e  were i n s t a l l e d .  
V i b r a t i o n  - No. 2 ax i s  
( l a t e r a l )  random run 
s t a r t e d  - m i c e  i n s t a l l e d .  
V i b r a t i o n  - No. 2 ax i s  
random run  completed - 
mice s t i l l  i n s t a l l e d .  
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Comments 
Fan s topped  running 
( e l e c t r o n i c  power pack f a i l e d )  
A f t e r  2.5 n i n u r e s  of rafidom v i b r a t i o n ,  
t h e  h a t  s e c t i o n  b a s e  P/N 125-00018 
showed f a c i g u e  c r a c k s  around t h e  
s u p p o r t  f a s t e n e r s  - t e s t  s topped .  
Mice were removed, and t h e r e  w e r e  no 
f a t a l i t i e s  o r  d i s c e r n i b l e  i n j u r i e s .  
New b a s e  w i t h  .06" t h i c k  x 1.00" x 
1.00" x 24.00" long s q u a r e  s t e e l  
tub ing  J.:ZC, insta??~d; 1.5 i i i i i iu i e s  o f  
random v i b r a t i o n  w a s  then  made t o  
complete  t h e  r e q u i r e d  4 minute  t o t a l .  
No f u r t h e r  damage o r  ma l func t ions  
occur red .  
A f t e r  2.5 minutes  of  random v i b r a t i o n  
t h e  c o l d  p l a t e  s e c t i o n  P/N 125-00050 
cracked  around two tie-down b o l t s ,  
under  t h e  t a p e  r e c o r d e r .  Test  s topped  
The mice w e r e  l e f t  i n s t a l l e d  du r ing  
c o l d  p l a t e  r e p a i r .  
With a . loo"  t h i c k  p l a t e  added t o  t h e  
t o p  s u r f a c e  of t h e  c o l d  p l a t e ,  t h e  
1.5 minutes  o f  random v i b r a t i o n  were 
made t o  complete  t h e  r e q u i r e d  4 
minutes  t o t a l .  The mice were no t  
i n j u r e d ;  no f u r t h e r  damage. o r  mal- 
Date 
2 2  May 1966 
22 May 1966 
22 May 1966 
2 2  May 1966 
23 May 1966 
23  May 1966 
T e s t  Event Comments 
f u n c t i o n s  occur red .  
V i b r a t i o n  - No. 2 a x i s  No damage o r  ma l func t ions  occur red  
s i n u s o i d a l  4 minute run d u r i n g  t h i s  run;  however, t h e  r e c o r d e r  
was completed - I?(? mice Llv;Jy u u ~ ~ ~ ~ g  SVIIK f r e q u e n c i e s .  
were i n s t a l l e d .  
_ _ O r  --- - - -  A ..-- 1 - -  
V i b r a t i o n  - No. 3 a x i s  No damage o r  ma l func t ions  occur red  
( t h r u s t )  s i n u s o i d a l  4 d u r i n g  t h i s  run ,  b u t  t h e  r e c o r d e r  
minute  run  was coiiipleteb:; noi se  increased i n d i c a t i n g  lccse 
no m i c e  were i n s t a l l e d .  
V i b r a t i o n  - No. 3 a x i s .  
Random 4 minute  run was 
completed.  Mice were 
i n s t a l l e d .  
Ove r p  res s u r i  z ing  due t o  
luw p r e s s u r e  r e g u l a t o r  
v i b r a t i o n .  
Removed cover  from 
r e c o r d e r  f o r  i n s p e c t i o n .  
Replaced hold  down screws 
on t r a n s p o r t  deck (no 
lock  t i g h t )  and cover  
on r e c o r d e r ;  r eco rde r  
was then  purged t o  remove 
moi s t  a i r .  
p a r t s  i n s i d e .  
G l e v e l  was a t  15  G r m s  r a t h e r  t h a n  
1 2  Grms. No damage o r  ma l func t ion  
o c c u r r e d  t o  t h e  package n o r  d i d  any 
n o t i c e a b l e  i n j u r i e s  occur  t o  t h e  m i c e .  
T h i s  concluded a l l  v i b r a t i o n  t e s t i n g  
requi rements .  
Maximum o v e r p r e s s u r i z i n g  no ted  was 
1 3 "  Hg ( a f t e r  4 minutes  of v i b r a t i o n )  
Found ve ry  poor  hold  do-. S C ~ ~ W S  CI? 
t r a n s p o r t  deck.  Two were l o o s e  and 
f o u r  were comple te ly  o u t .  
showed wear s p o t s  where deck had made 
c o n t a c t  d u r i n g  v i b r a t i o n .  F i v e  me ta l  
p a r t i c l e s  were found on deck and i n s i d e  
case. 
I n s i d e  cove r  
41 
Date 
23 May 1966 
24 May 1966 
24 May 1966 
25 May 1966 
25 May 1966 
Tcs t Event 
Acceleration 10' dia. 
Zenrrifuge No. 1 axis 
positive direction - 
mice installed. 
Acceleration No. 2 
axis (Lateral) - 
no mice installed. 
Acceleration N O -  3 
axis (longitudinal) 
completed - no mice 
installed. 
Tape recorder purged 
and pressurized with 
dry nitrogen. 
Humidity 
5 hours at 95% R.H. 
and LOOOF completed - 
no mice installed. 
.* 
Comments 
No malfunctions or damage occurred to 
the package. 
unharmed. 
The mice were apparently 
No malfunctions or damage occurred to 
the package during this r u n .  
No malfunctions or damage occurred to 
the package during this run. 
No damage or malfunctions were apparent 
due to humidity testing. Minor 
rusting of unprotected steel parts 
was observed. 
THIS PAGE LEFT INTENTIONALLY BLANK 
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A m  
M'L 
TEMP ERA T L'R E 
A h  r \ i r i T r n  I A A L in& i r ~ r n  m A m r  
4 7  L A L l  1 LI\ I V \ M l \ U I V I L  I i l \  U f i U L  
A-249 SLIP PLATE SPECIMEN POWER 
SUPPLY 
RESPONSE - HOUSE RESPONSE - RECORDER 
REMOVING MICE FROM HOUSING 
SECTION FOLLOWING NO. 1 
AXIS VI BRATI ON 
i 
INPUT (CONTROL) INPUT (CONTROL) 




RESPONSE - HOUSE 
NO. 2 AXIS (LATERAL) VIBRATION 
RESPONSE - RECORDER 
NO. 3 AXIS (THRUST) VIBRATION 
ES?ONSE - HOUSE 
NPUT (CONTROL) 
F I G U R E  18 V I B R A T I O N  AXES NO. 2 AND NO. 3, ACCELEROMETER LOCATIONS 
45 
Thrus t  a x i s  (No. 1 r u n ) :  Radius = 35 inches  
KPM = 100 
G = 10 
I ,  L 2 t e r a i  2xis  (?h. 2 mi): RlidIus  - +o 
RPM = 67 
G = 6  
Long i tud ina l  a x i s  
(No. 3 r u n ) :  Radius = 48 
RPM = 66 
G = 6  
Tes t  r e s u l t s  a r e  sununarized i n  Table  I V .  
3 .4  HUMIDITY 
The experiment  package w a s  p laced  i n  t h e  8 c u b i c  f o o t  t empera tu re  
humidi ty  f a c i l i t y  and s u b j e c t e d  t o  a f ive -hour  p e r i o d  t e s t  a t  95% r e l a t i v e  
humidi ty  a t  100OF. T h i s  w a s  a non-ope ra t iona l  t es t  and no m i c e  w e r e  i n  
t h e  package.  Test r e s u l t s  are summarized i n  Tab le  I V .  
3.5 SYSTEM CHECKOUT FOLLOWING ENVIRONMENTAL TEST PROGRAM 
Systems Checked 
E l e c t r o n i c s  System Opcrstion 
ECS Blower Motor 
Temperature Senso r s  
Gas Absorp t ion  C a n i s t e r  
Mechanical I n t e g r i t y  
I n t  e rna  1 Appearance 
System Leakage 
Oxygen System and P r e s s u r e  
Regu 1 a t  o r s 
Obse rva t ions  
Nn change ef p e r f o x i a n z e  except t h d t  
t a p e  t r a n s p o r t  motor r a n  rough. (A t t ach  
screws i n  motor  a t t a c h  b r a c k e t  were 
n o t  p r o p e r l y  s e c u r e d ) .  
Blower motor  power pack f a i l e d .  
Both s e n s o r s  r e t a i n e d  p r o p e r  ad jus tment .  
The f i l t e r  appeared t o  be  i n t a c t  
( s l i g h t  c h a r c o a l  powdering observed) .  
No l o o s e  p a r t s  o r  f a i l u r e s  found. 
No c o r r o s i o n  (minor a b r a s i o n  on mating 
s u r f a c e ,  c a n i s t e r  housing t o  ECS c a s e ) .  
Held i n t e r n a l  p r e s s u r e  o f  11.8 p s i  
f o r  20 hour s  w i t h  no leakage .  
No leakage  and normal o p e r a t i o n .  
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3.6 BIOLOGICAL RESPONSES 
Pocket  mice x i t h  and wi thou t  implanted t e l e m e t e r s  were inc luded  i n  
t h e s e  p o r t i o n s  o f  t h e  Environmental  T e s t i n g  Schedule  which r e l a t e d  t o  t h e  
c o m p a t i b i l i t y  of t h e  experiment  package wi th  t h e  experiment  o b j e c t i v e s .  
The mice were inc luded  i n  o r d e r  t o  (1) document t h e  a b i l i t y  of t h e  t e s t  
organisms t o  w i t h s t a n d  s imula t ed  launch c o n d i t i o n s  i n  t h e  p r o t o t y p e  e x p e r i -  
ment package, and ( 2 )  establish t h i t  n c l t h c r  the  ~xperi t t lenu package c o n t i g u r a -  
t i o n  o r  i t s  o p e r a t i o n a l  c h a r a c t e r i s t i c s  pe r tu rbed  th c i r c a d i a n  p e r i o d i c i t y  
o f  che exper imenta l   anima?^. 
3.6.1 Launch S t r e s s e s  
3.6.1.1 V i b r a t i o n  
Unres t r a ined  pocket  mice, w i t h  and wi thou t  implanted telemeters 
w e r e  p l a c e d  i n  t h e  experiment  package and exposed t o  f o u r  minutes  of random 
v i b r a t i o n  i n  each of t h r e e  or thogonal  axes .  The v i b r a t i o n  l e v e l  was 
2 0.05 g / cps  from 20-20,000 cps  wi th  a s p e c t r a l  d e n s i t y  w i t h i n  - + 6 db. 
The o v e r a l l  l e v e l  was 11.5 G rms i n  axes 1 and 2 and 15 G rms i n  a x i s  3. 
One group o f  f i v e  pocket  mice, two w i t h  imp lan t s ,  were exposed i n  each  a x i s .  
The f i f t e e n   ice exposed showed no a c u t e  e f f e c t  o f  t h i s  v i b r a t i o n a l  stress 
and evidenced normal behav io r  and phys io logy  d u r i n g  t h e  two week o b s e r v a t i o n  
p o s t  exposure.  
3.6.1.2 A c c e l e r a t i o n  
F i v e  u n r e s t r a i n e d  pocket  m i c e ,  two w i t h  implanted  telemeters, were 
p l a c e d  i n  t h e  experiment  package and exposed t o  120 seconds  o f  10 G i n  t h e  
t h r u s t  a x i s .  The a c c e l e r a t i o n  b u i l d  up d i d  n o t  exceed 113 Glsec. There  was 
no ev idence  of  e i t h e r  a c u t e  o r  de layed  b i o l o g i c a l  e f f e c t s  from t h i s  t r e a t m e n t .  
3.6.1.3 Summary 
Data o b t a i n e d  d u r i n g  t h i s  c o n t r a c t  show t h a t  Perognathus longimembris,  
w i t h  a n  implanted NSL te lemeter ,  can w i t h s t a n d  s imula t ed  v i b r a t i o n  and a c c e l e r a -  
t i o n  launch  stresses w h i l e  u n r e s t r a i n e d  i n  t h e  experiment  p r o t o t y p e  package. 
These  d a t a ,  combined w i t h  l abora to ry  o b s e r v a t i o n s  a t  NSL and s imula t ed  
l aunch  environment t e s t s  made on a r e l a t e d  s p e c i e s  ( E .  f l a v u s ,  6-11 gram 
body w e i g h t )  by t h e  USAF Aerospace Medical Research L a b o r a t o r i e s  s u p p o r t  t h e  
assumpt ion  t h a t  E. longimembris i s  q u a l i f i e d  a s  a s t a b l e  space  f l i g h t  
expe r imen t  s u b j e c t  t h a t  w i l l  s u r v i v e  and perform i n  a p r e d i c t a b l e  way a f t e r  
e x p o s u r e  t o  t h e  l aunch  stresses of an Atlas/Agena mis s ion .  
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3.6.2 T h i r t y  Day T e s t  Run i n  Simulated Space Environment 
3.6.2.1 Test Animals 
The c i r c a d i a n  p e r i o d i c i t y  experiment  as p lanned  f o r  s p a c e  c a l l s  
f o r  s e l e c t i n g  approximate ly  24 animals  t h a t  had demonstrated s n i t s b ? ~  
c i r c a d i a n  c h a r a c t e r i s t i c s .  A f t e r  30 days of i n t e n s i v e  l a b o r a t o r y  s t u d y  of 
t h i s  group of an imals ,  s i x  a re  t o  be s e l e c t e d  f o r  space  f l i g h t ,  and t h e  
---- LcLLla;iidei- - 
t h i s  r e p o r t ,  t h e  s e l e c t i o n  program cou ld  n o t  be  under taken .  Consequent ly ,  
f i v e  an imals  were implanted  3-5 days p r i o r  t o  i n i t i a t i o n  o f  t h e  30-day tes t  
and t h e  t e s t  begun w i t h o u t  a s u i t a b l e  p o s t - o p e r a t i v e  o b s e r v a t i o n  pe r iod .  
A s  a r e s u l t  of  t h i s  c a v a l i e r  a c t i o n ,  one  o f  t h e  expe r imen ta l  an imals  d i e d  
d u r i n g  t h e  30 day tes t  d i r e c t l y  a s  a r e s u l t  of  s t a r v a t i o n  and i n d i r e c t l y  a s  
a r e s u l t  o f  su rge ry .  
Used as  ground c o n c r o i s .  Due t o  c i r cums tances  beyond t h e  scope  of 
The f i v e  an imals  used f o r  t he  t es t  were loaded i n t o  t h e  experiment  
p r o t o t y p e  package i n  t h e  da rk .  
a d e q u a t e l y  r ehea r sed  and r e s u l t e d  i n  some food be ing  k i cked  o u t  o f  t h e  
hous ing  t u b e s  by t h e  newly i n s e r t e d  an imals .  A s  a r e s u l t  o f  t h e  s p i l l e d  
s e e d s ,  a n o t h e r  animal  d i e d  from s t a r v a t i o n  on t h e  28th  day o f  t h e  experiment .  
This  p a r t i c u l a r  man ipu la t ion  had n o t  been 
The remaining t h r e e  an imals  were i n  good c o n d i t i o n  a t  t h e  end o f  t h e  
exper iment  wi_t_h nn significn-t yc igh t  change. While tile l o s s  of cwo an imais  
was d i s a p p o i n t i n g ,  i t  i n  no way r e f l e c t e d  inadequacy of t h e  Experiment 
P r o t o t y p e  Package. I n  f a c t ,  the s t a b i l i t y  of a tmosphere main ta ined  by t h e  
ECS i n  t h e  p re sence  o f  two dead animals  i s  a n  e x c e l l e n t  endorsement of t h e  
q u a l i t y  of  t h e  ECS. 
3.6.2.2 Test R e s u l t s  
The c i r c a d i a n  p e r i o d i c i t y  o f  t h e  t h r e e  s u r v i v i n g  m i c e  demonst ra ted  
a v a r i a b i l i t y  t y p i c a l  o f  any randomly chosen l a b o r a t o r y  popu la t ion .  
T y p i c a l l y ,  an imals  h e l d  i n  t h e  dark under  c o n s t a n t  c o n d i t i o n s  deve lop  a 
p a t t e r n  of  d a i l y  t o r p o r  i n  which the  body t empera tu re  drops c l o s e  t o  ambient .  
The endpoin t  measured t o  de te rmine  p e r i o d i c i t y  i s  t h e  t i m e  of animal  a r o u s a l  
and i s  i n d i c a t e d  by t h e  t i m e  t h e  body t empera tu re  beg ins  t o  r i s e  from ambient .  
O c c a s i o n a l l y ,  however, i n d i v i d u a l  an imals  do no t  demonst ra te  t o r p o r  b u t  
n e v e r t h e l e s s  do under  go h ighs  and lows i n  body tempera ture .  These l a t t e r  d a t a  
a r e  more s i n u s o i d a l  i n  nature and r e q u i r e  spec ia l  s t a t i s t i c a l  t echn iques  t o  
r e s o l v e  t h e  c i r c a d i a n  phenomenon. 
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Daring t h e  30-day t e s t ,  two o f  t h e  t h r e e  an imals  showed d a i l y  t o r p o r  
and c i r c a d i a n  p e r i o d s  of 23 hours and 12 minu tes ,  a n d  2'7 hnurs azd 52 minutes ,  
r e s p e c t i v e l y .  The t h i r d  animal d i d  n o t  undergo d a i l y  t o r p o s  b u t  t h e  d a t a  d i d  
show a t y p i c a l  s i n u s o i d a l  p a t t e r n .  The c i r c a d i a n  p e r i o d  was n o t  determined.  
TL- L i t =  _ - - - - -  p ~ r ~ i ~ i o r i  or' c'ne c i r c a d i a n  pe r iod  f o r  one an imal  o v e r  t h e  30-day t e s t  
pe r iod  i s  summarized i n  F i g u r e  19. 
3.6.2.3 Summary 
During t h e  30-day space  s imula t ed  experiment  done i n  t h e  p r o t o t y p e  
hardware, t h e  env i rmment  tc which t h e  mice were exposed was i n t e n s i v e l y  
moni tored .  Changes i n  tempera ture ,  p r e s s u r e ,  oxygen and CO c o n c e n t r a t i o n ,  2 
r e l a t i v e  humidi ty ,  and sound l e v e l  were c o n t i n u o u s l y  monitored and i n  no 
c a s e  showed a f l u c t u a t i o n  of  a n  ampl i tude  o r  p e r i o d i c i t y  t h a t  should  a f f e c t  
t h e  b i v l o g i c a l  endpo in t .  
The b i o l o g i c a l  d a t a  compared f avorab ly  w i t h  s i m i l a r  d a t a  c o l l e c t e d  i n  
t h e  l a b o r a t o r y .  There i s  no ev idence  t h a t  any a s p e c t  of t h e  experiment  
p r o t o t y p e  package c o n f i g u r a t i o n  o r  o p e r a t i o n  p e r t u r b e d  t h e  b i o l o g i c a l  d a t a .  
The unexpended supp ly  o f  oxygen and chemical  a b s o r b a n t  i n d i c a t e s  t h a t  by 
i n c r e a s i n g  t h e  supply  o f  s e e d s  from 30 grams t o  120 grams, a mis s ion  of 120 
days  might  b e  accompliFhed. 
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31 I l 6  
I I 1 1  I I I I 
24o0HRS W H R S  2400 HRS 
PST PST 
F I G U R E  19 F R E E  RUNNING CIRCADIAN PERIOD OF BODY TEMPERATURE I N  A MALE POCKET 
MOUSE, PEROGNATHUS LONGIMEMBRIS, MAINTAINED FOR 30 DAYS I N  AN 
EXPERIMENT PACKAGE PROTOTYPE OPERATED UNDER SIMULATED S P A C E  CONDITIONS 
(TEMPERATURE SCALE: MAX 36'C; MIN 2 1 ' ~ )  
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SECTIOX 4 . 3  
RECOMMENDED MODIFICATIONS OF EXPERIMENT PROTOTYPE PACKAGE 
T e s t  d a t a  have demonst ra ted  t h a t  a meaningful  s t u d y  of  c i r c a d i a n  
p e r i o d i c i t y  of  body t empera tu re  i n  t h e  pocket  mouse, Perognathus long i -  
iueiikJ~i5, can be  accompiished i n  space  u s i n g  t h e  p r o t o t y p e  experiment  
package c o n f i g u r a t i o n  d e s c r i b e d  i n  t h i s  r e p o r t .  The sugges t ed  m o d i f i c a t i o n s  
a r e  p r i m a r i l y  d i r e c t e d  a t  i n c r e a s i n g  t h e  v e r s a t i l i t y  o f  t h e  package by 
accommodating l a r g e r  s p e c i e s  o f  heteromyid roden t s  and i n z r e a s i n g  t h e  
r e t u r n  of  s c i e n t i f i c  d a t a  by moni tor ing  a behav io r  pa rame te r ,  namely, 
animal  a c t i v i t y .  
4 .1  UPGRADING EXISTING CONFIGURATION 
4 .1 .1  Modi f i ca t ions  t o  P ro to type  Environmental  Con t ro l  System 
(1) The c o o l a n t  pump and bypass  va lve  must be  changed t o  a 
space  q u a l i f i e d  u n i t .  
( 2 )  The r e l i a b i l i t y  of t h e  f a n  could  be improved hy r e p l a c i n g  
t h e  p r e s e n t  u n i t  w i t h  an a i r  b e a r i n g  type .  
(3)  The weight  of  t h e  experiment  package can  be  s i g n i f i c a n t l y  
reduced (- 20%) by op t imiz ing  t h e  s t r u c t u r a l  d e s i g n  and reducing 
t h e  oxygen supp ly  and chemical  abso rban t s  p r o p o r t i o n a l  t o  t h e  
l e n g t h  of  t h e  a n t i c i p a t e d  mis s ion .  The p r e s e n t  a tmosphere supply  
i s  e s t i m a t e d  t o  ma in ta in  s i x  m i c e  approximate ly  120 days.  
4.1.2 Modi f i ca t ions  t o  Pro to type  Data System 
(1) The t a p e  r e c o r d e r  used,  a l though  s e r v i c e a b l e ,  d i d  n o t  m e e t  
t h e  des ign  s p e c i f i c a t i o n s  and w i l l  r e q u i r e  m o d i f i c a t i o n s .  
( 2 )  A d i g i t a l  c l o c k  should  be  added t o  t h e  d a t a  system t o  prevent  
t i m e  a m b i g u i t i e s  a r i s i n g  from t a p e  r e c o r d e r  r e r u n s  i n i t i a t e d  by 
n o i s e  t r a n s i e n t s .  
(3 )  Animal Housing tubes  and r e c e i v e r  subchass i s  should  be 
modi f ied  t o  f a c i l i t a t e  r e c e i v e r  g a i n  and t h r e s h o l d  s e t t i n g s  
and t o  minimize t h e  e f f e c t  of t h e  d e b r i s  s c r e e n s  on t h e  antennae.  
51 
4.2  MODIFICATION OF ANIMAL HOUSING UNIT TO ACCOMMODATE LARGER SPECIES 
Perognathus longimembris is o n l y  one of  several species of pocket mice 
that demonstrate daily torpor and precise circadian periodicity. Inasmuch 
a s  the daily pattern of temperature change is quite variable, species o t h e r  
than - P. longimembris would be useful tools in exploring different aspects of 
circadian rhythms. 
requirements, all that is reyriirer! tc ~ c c o m o d a t e  l z i - g t ? ~  species is to 
scale up the size of the animal housing unit. 
body w e i g h t )  have a lower metabolic rate than p. iongimembris (10 gram body 
weight), and therefore, no change in the Environmental Control System is 
anticipated. 
Since all of the pocket mice share similar life support 
The larger species (20 gram 
4.3 DEVELOPMENT OF MONITORING SYSTEM FOR ANIMAL ACTIVITY 
4.3.1 Background 
The scientific merit of circadian rhythm studies significantly 
increases with the number of biological parameters that can be monitored 
simultaneously. 
temperature and the period of animal activity. It is interesting to note 
that as the circadian system o f  the organism degrades, the body temperature 
period and activity period tend to uncouple, indicating a change in the 
biological state. The significance of this change is currently under 
investigation at Princeton University and NSL. 
temperature and animal activity in the proposed space experiment would 
provide valuable scientific data. 
There is a close coupling between the period of body 
Monitoring of both body 
4.3.2 Monitoring Method 
The implanted temperature telemeter transmits pulses, the 
frequencies of which are a measure of temperature. The amplitude of the 
pulse is dependent upon the relative position of the transmitter coil 
and the pickup antennae. As the animal moves, the signal amplitude changes. 
It is recommended that animal activity be monitored in the Experiment 
Package by counting the changes in signal amplitude over a given period. 
The count would reflect the relative activity during that period. 
This approach is simple, compact, and compatible with the existing proto- 
type data handling system. 
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